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A
d-hoc Video Search

H
ow

 to retrieve unlabeled videos for ad-hoc textual queries?

U
sing cross-m

odal representation 
learning
•S

entence representation
•Video representation
•C

om
m

on space

query
video

Com
m

on space

Representation
Learning

1



W
hat W

e
Focus This Year

H
ow

 to fully utilize m
ultiple text encoders?

P
reviously som

e w
orks com

bine m
ultiple sentence 

encoders together as the sentence em
bedding

W
orks

Sentence encoders used
W

2VV++ [Li et al., ACM
M

M
’19] 

(AVS 2018 w
inner)

Bag-of-w
ord, w

ord2vec, GRU

Dual Encoding [Dong et al., CVPR’19]
Bag-of-w

ord, bi-GRU, 1d-CN
N

…
…

…
…

Li et al., W
2VV

++: Fully deep learning for ad-hoc video search, A
C

M
M

M
 2019

D
ong et al., D

ual E
ncoding for Zero-E

xam
ple Video R

etrieval, C
V

P
R

 2019
2



W
hat W

e
Focus This Year

B
ut they just concatenate text feature vectors

Sentence em
bedding

Text feature vectors

Sentence

Feature vector 1
Feature vector 2

Feature vector 3

Feature vector 1
Feature vector 2

Feature vector 3

Sentence

encoder 2

Concatenation
+

+

Com
m

on space
: Video Representation

3



W
hat W

e
Focus This Year

Their disadvantages? Longervector is dom
inant

•The com
bined feature can be dom

inated by a specific 
encoder

Feature vector 1
10000 d

Feature vector 2
500 d

Feature vector 3
1024 d

Sentence

encoder 2

+
+

Feature vector 1
10000 d

Feature vector 2
500 d

Feature vector 3
1024 d

Longer vector dom
inated

Concatenation

4



H
ow

 W
e

D
o

Sentence Encoder A
ssem

bly (SEA
)

A new
 and general architecture 

①
M

ulti-space Learning
Long vector dom

inated problem
is solved

Feature vector 1
Feature vector 2

Feature vector 3

Sentence

encoder 2

Com
m

on space 1
Com

m
on space 2

Com
m

on space 3

: Video Representation
5

𝑆𝑖𝑚
𝑖𝑙𝑎𝑟𝑖𝑡푦

=
𝑠𝑖𝑚

+
𝑠𝑖𝑚

+
𝑠𝑖𝑚



H
ow

 W
e D

o
Loss for m

ulti space learning
W

e use the m
arginal ranking loss[1]to select the hard 

negative exam
ples during training

•
Selection based on the 
com

bined sim
ilarity (a)

•
Selections based on 
individual sim

ilarities(b-d) 

M
ore diverse hard 

negatives should be used

[1] Faghri et al., V
S

E
++: Im

proving visual-sem
antic em

beddings w
ith hard negatives, B

M
V

C
 2018

6

A fem
ale giving a nail art tutorial

(a)
(b)

(c)
(d)

BoW
w
2v

G
RU

Com
bined



H
ow

 W
e

D
o

Sentence Encoder A
ssem

bly (SEA
)

②
M

ulti-loss Learning
•Learning 풌

com
m

on spaces for 풌
encoders

•C
om

bined loss   𝑙𝑜𝑠𝑠
=
∑

𝑙𝑜𝑠𝑠
𝑠𝑒𝑛𝑡𝑒𝑛𝑐𝑒,𝑣𝑖𝑑𝑒𝑜

•
30%

extra hard negatives can be provided

Com
m

on space 1
Com

m
on space 2

Com
m

on space 3
𝑙𝑜𝑠𝑠

𝑙𝑜𝑠𝑠
𝑙𝑜𝑠𝑠

𝑙𝑜𝑠𝑠
=

𝑙𝑜𝑠𝑠
+
𝑙𝑜𝑠𝑠

+
𝑙𝑜𝑠𝑠

7



Is SEA Effective?
R

etrospective experim
ents on TV

16-19 in [1] can prove:
Sentence enco

d
ers

M
o
d
el

TV
16

TV
17

TV
18

TV
19

SUM
W

2V
V

+
+

0.144
0.218

0.111
0.143

0.616
SEA

0.157
0.234

0.128
0.166

0.685
W

2V
V

+
+

0.162
0.223

0.101
0.139

0.625
SEA

0.150
0.234

0.122
0.166

0.672
W

2V
V

+
+

0.161
0.217

0.104
0.135

0.617
SEA

0.164
0.228

0.125
0.167

0.684
W

2V
V

+
+

0.151
0.225

0.102
0.128

0.606
SEA

0.153
0.228

0.121
0.148

0.650
W

2V
V

+
+

0.143
0.193

0.093
0.101

0.530
SEA

0.160
0.231

0.121
0.154

0.666
W

2V
V

+
+

0.158
0.206

0.090
0.105

0.559
SEA

0.159
0.229

0.117
0.155

0.660

bow
,w

2v

bow
,w

2v,gru

bow
,w

2v,bigru

bow
, w

2v,bert

bow
,w

2v,gru,bert

bow
,w

2v,bigru,bert

* W
2VV++ uses a single com

m
on space

•
Darker color indicates 
higher infAP

•
SEA m

odels surpass 
alm

ost all the 
corresponding 
W

2VV++ m
odels

Yes, it is
[1] Li et al., SEA: Sentence encoder assem

bly for video retrieval by textual queries, T-M
M

 2021. 
8



C
hoice of Sentence Encoder

W
e consider 5 sentence encoders

1.
B

ag-of-w
ord (B

oW
)

2.
w

ord2vec (w
2v)

3.
N

etV
lad

4.
bi-G

R
U

 *
5.

B
ER

T *
D

ifferent com
binations are designed

1.
S

EA (B
oW

, N
etV

lad)
2.

S
EA (B

oW
, w

2v)
3.

S
EA (B

oW
, w

2v, bi-G
R

U
)

4.
S

EA (B
oW

, w
2v, bi-G

R
U

, B
ER

T)

*
Indicates Sequence m

odel

complexity

9



D
atasets and Visual Features

Datasets
U

sage
m

srvtt10k
training

tgif
training

TV2016 VTT training set
validation

the Google’s Conceptual Captions (GCC) 
pre-training

Video Features
Dim

.
ResN

ext-101 (fram
e-level)

2,048
ResN

et-152 (fram
e-level)

2,048
C3D (video-level)

2,048

Com
bined Video Features

Dim
.

ResN
ext-101 + ResN

et-152
4,096

ResN
ext-101 + ResN

et-152 + C3D
6,144

W
e use com

bined video features 
for better perform

ance

Im
age caption dataset 

pre-training is not
suitable for m

odels 
w

ith C3D feature10



Subm
issions

(fully autom
atic track)

Run id
Description

Run 4
SEA (BoW

, w
2v), ResN

eXt-ResN
et-C3D

Run 3
SEA (BoW

, N
etVlad), ResN

eXt-ResN
et, and pre-trained on G

CC
Run 2

Late average fusion of three SEA m
odels

Run 1
(prim

ary run)
Late average fusion of four SEA m

odels

W
e subm

itted the follow
ing 4 runs:

SEA m
odel w

ith different setups and their com
binations

11



Perform
ance on TV2016-2020 AVS Task 

* base m
odel: SEA(BoW

, N
etVlad), no C3D feature included, no pre-training

•
A

ppending extra C
3D

 
feature helps (R

un 4)

•
P

re-training strategy 
helps (R

un 3)

•
M

odel ensem
ble helps 

(R
un 2, R

un 1)

12



A
ll fully autom

atic AVS subm
issions

O
ur subm

issions ranked the 2nd

13



R
esults of individual topics

M
ore blue

is better
M

ore red
is w

orse

C
an be divided into 3 types:

•
E

asy topics: all blue
•

N
ot easy topics: not all blue

•
H

ard topics: all red

topic id
runs1

runs2
runs3

runs4
6
4
1

0
.
2
8
1

0
.
2
7
9

0
.
2
3
2

0
.
2
3
1

6
4
2

0
.
5
2
2

0
.
5
4
1

0
.
4
5
4

0
.
5
1
6

6
4
3

0
.
0
9
2

0
.
0
9
7

0
.
0
5
3

0
.
0
8
8

6
4
4

0
.
6
6
2

0
.
4
4
6

0
.
7
9
5

0
.
0
3
8

6
4
5

0
.
1
6
6

0
.
1
6
8

0
.
1
5
3

0
.
1
5
4

6
4
6

0
.
1
5
5

0
.
1
5
8

0
.
1
3
2

0
.
1
3
6

6
4
7

0
.
4
3
6

0
.
4
3
6

0
.
4
0
0

0
.
3
9
8

6
4
8

0
.
0
9
9

0
.
0
9
2

0
.
1
0
5

0
.
0
7
8

6
4
9

0
.
4
6
9

0
.
5
0
0

0
.
5
4
6

0
.
4
7
7

6
5
0

0
.
0
7
9

0
.
0
8
3

0
.
0
5
7

0
.
1
0
3

6
5
1

0
.
0
7
2

0
.
0
8
0

0
.
0
0
1

0
.
2
1
3

6
5
2

0
.
1
3
0

0
.
1
3
2

0
.
1
2
3

0
.
1
2
5

6
5
3

0
.
2
3
1

0
.
2
8
6

0
.
0
4
5

0
.
3
1
3

6
5
4

0
.
3
4
1

0
.
3
3
7

0
.
3
2
0

0
.
3
0
2

6
5
5

0
.
0
5
3

0
.
0
4
7

0
.
0
1
3

0
.
0
8
7

6
5
6

0
.
6
2
9

0
.
6
2
7

0
.
6
1
8

0
.
5
5
9

6
5
7

0
.
0
8
4

0
.
0
7
7

0
.
0
6
8

0
.
0
3
1

6
5
8

0
.
0
5
5

0
.
0
5
0

0
.
0
8
0

0
.
0
4
6

6
5
9

0
.
3
4
2

0
.
3
5
5

0
.
3
2
3

0
.
3
7
1

6
6
0

0
.
4
7
6

0
.
4
7
7

0
.
5
1
2

0
.
4
5
5

14



topic id
runs1

runs2
runs3

runs4
6
4
1

0
.
2
8
1

0
.
2
7
9

0
.
2
3
2

0
.
2
3
1

6
4
2

0
.
5
2
2

0
.
5
4
1

0
.
4
5
4

0
.
5
1
6

6
4
3

0
.
0
9
2

0
.
0
9
7

0
.
0
5
3

0
.
0
8
8

6
4
4

0
.
6
6
2

0
.
4
4
6

0
.
7
9
5

0
.
0
3
8

6
4
5

0
.
1
6
6

0
.
1
6
8

0
.
1
5
3

0
.
1
5
4

6
4
6

0
.
1
5
5

0
.
1
5
8

0
.
1
3
2

0
.
1
3
6

6
4
7

0
.
4
3
6

0
.
4
3
6

0
.
4
0
0

0
.
3
9
8

6
4
8

0
.
0
9
9

0
.
0
9
2

0
.
1
0
5

0
.
0
7
8

6
4
9

0
.
4
6
9

0
.
5
0
0

0
.
5
4
6

0
.
4
7
7

6
5
0

0
.
0
7
9

0
.
0
8
3

0
.
0
5
7

0
.
1
0
3

6
5
1

0
.
0
7
2

0
.
0
8
0

0
.
0
0
1

0
.
2
1
3

6
5
2

0
.
1
3
0

0
.
1
3
2

0
.
1
2
3

0
.
1
2
5

6
5
3

0
.
2
3
1

0
.
2
8
6

0
.
0
4
5

0
.
3
1
3

6
5
4

0
.
3
4
1

0
.
3
3
7

0
.
3
2
0

0
.
3
0
2

6
5
5

0
.
0
5
3

0
.
0
4
7

0
.
0
1
3

0
.
0
8
7

6
5
6

0
.
6
2
9

0
.
6
2
7

0
.
6
1
8

0
.
5
5
9

6
5
7

0
.
0
8
4

0
.
0
7
7

0
.
0
6
8

0
.
0
3
1

6
5
8

0
.
0
5
5

0
.
0
5
0

0
.
0
8
0

0
.
0
4
6

6
5
9

0
.
3
4
2

0
.
3
5
5

0
.
3
2
3

0
.
3
7
1

6
6
0

0
.
4
7
6

0
.
4
7
7

0
.
5
1
2

0
.
4
5
5

C
ase Study

E
asy query 

•
A

ll m
odels perform

 w
ell

656 a long haired m
an

15



topic id
runs1

runs2
runs3

runs4
6
4
1

0
.
2
8
1

0
.
2
7
9

0
.
2
3
2

0
.
2
3
1

6
4
2

0
.
5
2
2

0
.
5
4
1

0
.
4
5
4

0
.
5
1
6

6
4
3

0
.
0
9
2

0
.
0
9
7

0
.
0
5
3

0
.
0
8
8

6
4
4

0
.
6
6
2

0
.
4
4
6

0
.
7
9
5

0
.
0
3
8

6
4
5

0
.
1
6
6

0
.
1
6
8

0
.
1
5
3

0
.
1
5
4

6
4
6

0
.
1
5
5

0
.
1
5
8

0
.
1
3
2

0
.
1
3
6

6
4
7

0
.
4
3
6

0
.
4
3
6

0
.
4
0
0

0
.
3
9
8

6
4
8

0
.
0
9
9

0
.
0
9
2

0
.
1
0
5

0
.
0
7
8

6
4
9

0
.
4
6
9

0
.
5
0
0

0
.
5
4
6

0
.
4
7
7

6
5
0

0
.
0
7
9

0
.
0
8
3

0
.
0
5
7

0
.
1
0
3

6
5
1

0
.
0
7
2

0
.
0
8
0

0
.
0
0
1

0
.
2
1
3

6
5
2

0
.
1
3
0

0
.
1
3
2

0
.
1
2
3

0
.
1
2
5

6
5
3

0
.
2
3
1

0
.
2
8
6

0
.
0
4
5

0
.
3
1
3

6
5
4

0
.
3
4
1

0
.
3
3
7

0
.
3
2
0

0
.
3
0
2

6
5
5

0
.
0
5
3

0
.
0
4
7

0
.
0
1
3

0
.
0
8
7

6
5
6

0
.
6
2
9

0
.
6
2
7

0
.
6
1
8

0
.
5
5
9

6
5
7

0
.
0
8
4

0
.
0
7
7

0
.
0
6
8

0
.
0
3
1

6
5
8

0
.
0
5
5

0
.
0
5
0

0
.
0
8
0

0
.
0
4
6

6
5
9

0
.
3
4
2

0
.
3
5
5

0
.
3
2
3

0
.
3
7
1

6
6
0

0
.
4
7
6

0
.
4
7
7

0
.
5
1
2

0
.
4
5
5

C
ase Study

E
asy query

•
A

ll m
odels perform

 w
ell

642 a person paddling kayak
in the w

ater

16



topic id
runs1

runs2
runs3

runs4
6
4
1

0
.
2
8
1

0
.
2
7
9

0
.
2
3
2

0
.
2
3
1

6
4
2

0
.
5
2
2

0
.
5
4
1

0
.
4
5
4

0
.
5
1
6

6
4
3

0
.
0
9
2

0
.
0
9
7

0
.
0
5
3

0
.
0
8
8

6
4
4

0
.
6
6
2

0
.
4
4
6

0
.
7
9
5

0
.
0
3
8

6
4
5

0
.
1
6
6

0
.
1
6
8

0
.
1
5
3

0
.
1
5
4

6
4
6

0
.
1
5
5

0
.
1
5
8

0
.
1
3
2

0
.
1
3
6

6
4
7

0
.
4
3
6

0
.
4
3
6

0
.
4
0
0

0
.
3
9
8

6
4
8

0
.
0
9
9

0
.
0
9
2

0
.
1
0
5

0
.
0
7
8

6
4
9

0
.
4
6
9

0
.
5
0
0

0
.
5
4
6

0
.
4
7
7

6
5
0

0
.
0
7
9

0
.
0
8
3

0
.
0
5
7

0
.
1
0
3

6
5
1

0
.
0
7
2

0
.
0
8
0

0
.
0
0
1

0
.
2
1
3

6
5
2

0
.
1
3
0

0
.
1
3
2

0
.
1
2
3

0
.
1
2
5

6
5
3

0
.
2
3
1

0
.
2
8
6

0
.
0
4
5

0
.
3
1
3

6
5
4

0
.
3
4
1

0
.
3
3
7

0
.
3
2
0

0
.
3
0
2

6
5
5

0
.
0
5
3

0
.
0
4
7

0
.
0
1
3

0
.
0
8
7

6
5
6

0
.
6
2
9

0
.
6
2
7

0
.
6
1
8

0
.
5
5
9

6
5
7

0
.
0
8
4

0
.
0
7
7

0
.
0
6
8

0
.
0
3
1

6
5
8

0
.
0
5
5

0
.
0
5
0

0
.
0
8
0

0
.
0
4
6

6
5
9

0
.
3
4
2

0
.
3
5
5

0
.
3
2
3

0
.
3
7
1

6
6
0

0
.
4
7
6

0
.
4
7
7

0
.
5
1
2

0
.
4
5
5

N
o E

asy query
•

N
ot all m

odels perform
 w

ell

644 sailboats
in the w

ater

Run3 w
orks w

ell

C
ase Study

17



topic id
runs1

runs2
runs3

runs4
6
4
1

0
.
2
8
1

0
.
2
7
9

0
.
2
3
2

0
.
2
3
1

6
4
2

0
.
5
2
2

0
.
5
4
1

0
.
4
5
4

0
.
5
1
6

6
4
3

0
.
0
9
2

0
.
0
9
7

0
.
0
5
3

0
.
0
8
8

6
4
4

0
.
6
6
2

0
.
4
4
6

0
.
7
9
5

0
.
0
3
8

6
4
5

0
.
1
6
6

0
.
1
6
8

0
.
1
5
3

0
.
1
5
4

6
4
6

0
.
1
5
5

0
.
1
5
8

0
.
1
3
2

0
.
1
3
6

6
4
7

0
.
4
3
6

0
.
4
3
6

0
.
4
0
0

0
.
3
9
8

6
4
8

0
.
0
9
9

0
.
0
9
2

0
.
1
0
5

0
.
0
7
8

6
4
9

0
.
4
6
9

0
.
5
0
0

0
.
5
4
6

0
.
4
7
7

6
5
0

0
.
0
7
9

0
.
0
8
3

0
.
0
5
7

0
.
1
0
3

6
5
1

0
.
0
7
2

0
.
0
8
0

0
.
0
0
1

0
.
2
1
3

6
5
2

0
.
1
3
0

0
.
1
3
2

0
.
1
2
3

0
.
1
2
5

6
5
3

0
.
2
3
1

0
.
2
8
6

0
.
0
4
5

0
.
3
1
3

6
5
4

0
.
3
4
1

0
.
3
3
7

0
.
3
2
0

0
.
3
0
2

6
5
5

0
.
0
5
3

0
.
0
4
7

0
.
0
1
3

0
.
0
8
7

6
5
6

0
.
6
2
9

0
.
6
2
7

0
.
6
1
8

0
.
5
5
9

6
5
7

0
.
0
8
4

0
.
0
7
7

0
.
0
6
8

0
.
0
3
1

6
5
8

0
.
0
5
5

0
.
0
5
0

0
.
0
8
0

0
.
0
4
6

6
5
9

0
.
3
4
2

0
.
3
5
5

0
.
3
2
3

0
.
3
7
1

6
6
0

0
.
4
7
6

0
.
4
7
7

0
.
5
1
2

0
.
4
5
5

N
o E

asy query
•

N
ot all m

odels perform
 w

ell

644 sailboats
in the w

ater

Run4 not w
orks w

ell, only show
s w

ater and boat

C
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topic id
runs1

runs2
runs3

runs4
6
4
1

0
.
2
8
1

0
.
2
7
9

0
.
2
3
2

0
.
2
3
1

6
4
2

0
.
5
2
2

0
.
5
4
1

0
.
4
5
4

0
.
5
1
6

6
4
3

0
.
0
9
2

0
.
0
9
7

0
.
0
5
3

0
.
0
8
8

6
4
4

0
.
6
6
2

0
.
4
4
6

0
.
7
9
5

0
.
0
3
8

6
4
5

0
.
1
6
6

0
.
1
6
8

0
.
1
5
3

0
.
1
5
4

6
4
6

0
.
1
5
5

0
.
1
5
8

0
.
1
3
2

0
.
1
3
6

6
4
7

0
.
4
3
6

0
.
4
3
6

0
.
4
0
0

0
.
3
9
8

6
4
8

0
.
0
9
9

0
.
0
9
2

0
.
1
0
5

0
.
0
7
8

6
4
9

0
.
4
6
9

0
.
5
0
0

0
.
5
4
6

0
.
4
7
7

6
5
0

0
.
0
7
9

0
.
0
8
3

0
.
0
5
7

0
.
1
0
3

6
5
1

0
.
0
7
2

0
.
0
8
0

0
.
0
0
1

0
.
2
1
3

6
5
2

0
.
1
3
0

0
.
1
3
2

0
.
1
2
3

0
.
1
2
5

6
5
3

0
.
2
3
1

0
.
2
8
6

0
.
0
4
5

0
.
3
1
3

6
5
4

0
.
3
4
1

0
.
3
3
7

0
.
3
2
0

0
.
3
0
2

6
5
5

0
.
0
5
3

0
.
0
4
7

0
.
0
1
3

0
.
0
8
7

6
5
6

0
.
6
2
9

0
.
6
2
7

0
.
6
1
8

0
.
5
5
9

6
5
7

0
.
0
8
4

0
.
0
7
7

0
.
0
6
8

0
.
0
3
1

6
5
8

0
.
0
5
5

0
.
0
5
0

0
.
0
8
0

0
.
0
4
6

6
5
9

0
.
3
4
2

0
.
3
5
5

0
.
3
2
3

0
.
3
7
1

6
6
0

0
.
4
7
6

0
.
4
7
7

0
.
5
1
2

0
.
4
5
5

N
o E

asy query
•

N
ot all m

odels perform
 w

ell

644 sailboats
in the w

ater

Pre-training
m

akes the difference

C
ase Study
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Datasets
U

sage
m

srvtt10k + tgif
training

7
captions have ‘sailboat’

GCC
pre-training

853
captions have ‘sailboat’



topic id
runs1

runs2
runs3

runs4
6
4
1

0
.
2
8
1

0
.
2
7
9

0
.
2
3
2

0
.
2
3
1

6
4
2

0
.
5
2
2

0
.
5
4
1

0
.
4
5
4

0
.
5
1
6

6
4
3

0
.
0
9
2

0
.
0
9
7

0
.
0
5
3

0
.
0
8
8

6
4
4

0
.
6
6
2

0
.
4
4
6

0
.
7
9
5

0
.
0
3
8

6
4
5

0
.
1
6
6

0
.
1
6
8

0
.
1
5
3

0
.
1
5
4

6
4
6

0
.
1
5
5

0
.
1
5
8

0
.
1
3
2

0
.
1
3
6

6
4
7

0
.
4
3
6

0
.
4
3
6

0
.
4
0
0

0
.
3
9
8

6
4
8

0
.
0
9
9

0
.
0
9
2

0
.
1
0
5

0
.
0
7
8

6
4
9

0
.
4
6
9

0
.
5
0
0

0
.
5
4
6

0
.
4
7
7

6
5
0

0
.
0
7
9

0
.
0
8
3

0
.
0
5
7

0
.
1
0
3

6
5
1

0
.
0
7
2

0
.
0
8
0

0
.
0
0
1

0
.
2
1
3

6
5
2

0
.
1
3
0

0
.
1
3
2

0
.
1
2
3

0
.
1
2
5

6
5
3

0
.
2
3
1

0
.
2
8
6

0
.
0
4
5

0
.
3
1
3

6
5
4

0
.
3
4
1

0
.
3
3
7

0
.
3
2
0

0
.
3
0
2

6
5
5

0
.
0
5
3

0
.
0
4
7

0
.
0
1
3

0
.
0
8
7

6
5
6

0
.
6
2
9

0
.
6
2
7

0
.
6
1
8

0
.
5
5
9

6
5
7

0
.
0
8
4

0
.
0
7
7

0
.
0
6
8

0
.
0
3
1

6
5
8

0
.
0
5
5

0
.
0
5
0

0
.
0
8
0

0
.
0
4
6

6
5
9

0
.
3
4
2

0
.
3
5
5

0
.
3
2
3

0
.
3
7
1

6
6
0

0
.
4
7
6

0
.
4
7
7

0
.
5
1
2

0
.
4
5
5

H
ard query

•
A

ll m
odels perform

 bad

657 a w
om

an w
ith short hair indoors

The length of hair is not w
ell m

odeled

C
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topic id
runs1

runs2
runs3

runs4
6
4
1

0
.
2
8
1

0
.
2
7
9

0
.
2
3
2

0
.
2
3
1

6
4
2

0
.
5
2
2

0
.
5
4
1

0
.
4
5
4

0
.
5
1
6

6
4
3

0
.
0
9
2

0
.
0
9
7

0
.
0
5
3

0
.
0
8
8

6
4
4

0
.
6
6
2

0
.
4
4
6

0
.
7
9
5

0
.
0
3
8

6
4
5

0
.
1
6
6

0
.
1
6
8

0
.
1
5
3

0
.
1
5
4

6
4
6

0
.
1
5
5

0
.
1
5
8

0
.
1
3
2

0
.
1
3
6

6
4
7

0
.
4
3
6

0
.
4
3
6

0
.
4
0
0

0
.
3
9
8

6
4
8

0
.
0
9
9

0
.
0
9
2

0
.
1
0
5

0
.
0
7
8

6
4
9

0
.
4
6
9

0
.
5
0
0

0
.
5
4
6

0
.
4
7
7

6
5
0

0
.
0
7
9

0
.
0
8
3

0
.
0
5
7

0
.
1
0
3

6
5
1

0
.
0
7
2

0
.
0
8
0

0
.
0
0
1

0
.
2
1
3

6
5
2

0
.
1
3
0

0
.
1
3
2

0
.
1
2
3

0
.
1
2
5

6
5
3

0
.
2
3
1

0
.
2
8
6

0
.
0
4
5

0
.
3
1
3

6
5
4

0
.
3
4
1

0
.
3
3
7

0
.
3
2
0

0
.
3
0
2

6
5
5

0
.
0
5
3

0
.
0
4
7

0
.
0
1
3

0
.
0
8
7

6
5
6

0
.
6
2
9

0
.
6
2
7

0
.
6
1
8

0
.
5
5
9

6
5
7

0
.
0
8
4

0
.
0
7
7

0
.
0
6
8

0
.
0
3
1

6
5
8

0
.
0
5
5

0
.
0
5
0

0
.
0
8
0

0
.
0
4
6

6
5
9

0
.
3
4
2

0
.
3
5
5

0
.
3
2
3

0
.
3
7
1

6
6
0

0
.
4
7
6

0
.
4
7
7

0
.
5
1
2

0
.
4
5
5

H
ard query

•
A

ll m
odels perform

 bad

655 one or m
ore persons standing in

a body of w
ater

Persons not in
the w

ater in som
e videos

C
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topic id
runs1

runs2
runs3

runs4
6
4
1

0
.
2
8
1

0
.
2
7
9

0
.
2
3
2

0
.
2
3
1

6
4
2

0
.
5
2
2

0
.
5
4
1

0
.
4
5
4

0
.
5
1
6

6
4
3

0
.
0
9
2

0
.
0
9
7

0
.
0
5
3

0
.
0
8
8

6
4
4

0
.
6
6
2

0
.
4
4
6

0
.
7
9
5

0
.
0
3
8

6
4
5

0
.
1
6
6

0
.
1
6
8

0
.
1
5
3

0
.
1
5
4

6
4
6

0
.
1
5
5

0
.
1
5
8

0
.
1
3
2

0
.
1
3
6

6
4
7

0
.
4
3
6

0
.
4
3
6

0
.
4
0
0

0
.
3
9
8

6
4
8

0
.
0
9
9

0
.
0
9
2

0
.
1
0
5

0
.
0
7
8

6
4
9

0
.
4
6
9

0
.
5
0
0

0
.
5
4
6

0
.
4
7
7

6
5
0

0
.
0
7
9

0
.
0
8
3

0
.
0
5
7

0
.
1
0
3

6
5
1

0
.
0
7
2

0
.
0
8
0

0
.
0
0
1

0
.
2
1
3

6
5
2

0
.
1
3
0

0
.
1
3
2

0
.
1
2
3

0
.
1
2
5

6
5
3

0
.
2
3
1

0
.
2
8
6

0
.
0
4
5

0
.
3
1
3

6
5
4

0
.
3
4
1

0
.
3
3
7

0
.
3
2
0

0
.
3
0
2

6
5
5

0
.
0
5
3

0
.
0
4
7

0
.
0
1
3

0
.
0
8
7

6
5
6

0
.
6
2
9

0
.
6
2
7

0
.
6
1
8

0
.
5
5
9

6
5
7

0
.
0
8
4

0
.
0
7
7

0
.
0
6
8

0
.
0
3
1

6
5
8

0
.
0
5
5

0
.
0
5
0

0
.
0
8
0

0
.
0
4
6

6
5
9

0
.
3
4
2

0
.
3
5
5

0
.
3
2
3

0
.
3
7
1

6
6
0

0
.
4
7
6

0
.
4
7
7

0
.
5
1
2

0
.
4
5
5

H
ard query

•
A

ll m
odels perform

 bad

658 tw
o or m

ore people
under

a tree

•
O

ften only
one person or w

ithout people
•

Som
e in

the tree instead of under
the tree

C
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topic id
runs1

runs2
runs3

runs4
6
4
1

0
.
2
8
1

0
.
2
7
9

0
.
2
3
2

0
.
2
3
1

6
4
2

0
.
5
2
2

0
.
5
4
1

0
.
4
5
4

0
.
5
1
6

6
4
3

0
.
0
9
2

0
.
0
9
7

0
.
0
5
3

0
.
0
8
8

6
4
4

0
.
6
6
2

0
.
4
4
6

0
.
7
9
5

0
.
0
3
8

6
4
5

0
.
1
6
6

0
.
1
6
8

0
.
1
5
3

0
.
1
5
4

6
4
6

0
.
1
5
5

0
.
1
5
8

0
.
1
3
2

0
.
1
3
6

6
4
7

0
.
4
3
6

0
.
4
3
6

0
.
4
0
0

0
.
3
9
8

6
4
8

0
.
0
9
9

0
.
0
9
2

0
.
1
0
5

0
.
0
7
8

6
4
9

0
.
4
6
9

0
.
5
0
0

0
.
5
4
6

0
.
4
7
7

6
5
0

0
.
0
7
9

0
.
0
8
3

0
.
0
5
7

0
.
1
0
3

6
5
1

0
.
0
7
2

0
.
0
8
0

0
.
0
0
1

0
.
2
1
3

6
5
2

0
.
1
3
0

0
.
1
3
2

0
.
1
2
3

0
.
1
2
5

6
5
3

0
.
2
3
1

0
.
2
8
6

0
.
0
4
5

0
.
3
1
3

6
5
4

0
.
3
4
1

0
.
3
3
7

0
.
3
2
0

0
.
3
0
2

6
5
5

0
.
0
5
3

0
.
0
4
7

0
.
0
1
3

0
.
0
8
7

6
5
6

0
.
6
2
9

0
.
6
2
7

0
.
6
1
8

0
.
5
5
9

6
5
7

0
.
0
8
4

0
.
0
7
7

0
.
0
6
8

0
.
0
3
1

6
5
8

0
.
0
5
5

0
.
0
5
0

0
.
0
8
0

0
.
0
4
6

6
5
9

0
.
3
4
2

0
.
3
5
5

0
.
3
2
3

0
.
3
7
1

6
6
0

0
.
4
7
6

0
.
4
7
7

0
.
5
1
2

0
.
4
5
5

H
ard query

•
A

ll m
odels perform

 bad

643  people dancing or singing w
hile w

earing 
costum

es outdoors

people standing
or w

alking

C
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C
onclusions

To boost AV
S

 perform
ance

•
M

ulti-space m
ulti-loss Learning

•
A

ppending extra C
3D

 feature 
•

P
re-training on im

age caption dataset
•

Late average fusion

U
nderstanding fine-grained queries

is still hard
•

A
ttributes: num

ber of persons, length of w
om

en's hair, etc.
•

A
ctions: dancing, singing

•
P

ositions: in the w
ater, under a tree
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R
eproducibility &

 R
eference

C
ode &

 R
esources: https://github.com

/li-xirong/sea
(in preparation)

Papers: 
•

SEA: Sentence encoder assem
bly for video retrieval by textual 

queries. IEEE Trans. M
ultim

edia 2021. 
https://arxiv.org/abs/2011.12091

•
Renm

in U
niversity of China at TRECVID 2020: Sentence Encoder 

Assem
bly for Ad-hoc Video Search,  TRECVID 2020 W

orkshop
C

ontact: xirong@
ruc.edu.cnThanks!
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